Abstract: Current evidence suggests that physical activity interventions can improve quality of life, fitness, and strength, reducing depression and fatigue in breast cancer survivors. However, in the long-term many survivors are insufficiently active. Here, the possible long-term benefits of a specific adapted physical activity (APA) intervention on upper limb functional performance and quality of life in breast cancer survivors were investigated. For this purpose, fifteen survivors were assessed by fitness tests (shoulder-arm mobility, range of motion, back flexibility) at the baseline and at eight weeks post-APA intervention. Quality of life and surgical shoulder and back pain intensity were evaluated by Short Form-12 and numerical rating scale questionnaires, respectively. Five participants, who continued to follow the APA protocol over time, were again evaluated after two years and compared to either five women who were inactive or five others who practiced general physical activity after ending the eight-week APA protocol. Shoulder-arm mobility and self-reported questionnaire data revealed the maintenance and/or improvement of the achieved benefits two years after the APA intervention. Our findings suggest that the long-term practice of APA tailored to individual characteristics should be recommended to breast cancer survivors in order to preserve quality of life and fitness.
Introduction
Breast cancer is currently the neoplasm with the highest incidence among women worldwide though the number of survivors is constantly increasing with progressive improvement in treatment strategies [1, 2] . However, despite substantial advances in surgical techniques and therapy, these procedures are still associated with a high prevalence of complications of the ipsilateral upper limb. The main complications of breast cancer treatment can reduce the strength of the upper limb, range of motion (ROM) of the arm and shoulder, create pain, produce or exacerbate emotional disturbances (i.e., anxiety, depression), and alter body image with a consequent reduction in the quality of life (QoL) [2, 3] . Therefore, breast cancer is continuing to emerge as a major health issue as testified by the large number of studies on health-related QoL in survivors [4] . International evidence-based physical activity guidelines recommend exercise programs as a conditional part of care for all cancer survivors [5] . In particular, well-planned and structured physical activity, tailored to individual needs, has emerged as a viable intervention to attenuate and improve cancer-and treatment-related problems [6, 7] .
In a recent preliminary investigation, we carefully described the exercise methodology of a specific adapted physical activity (APA) protocol, providing evidence for its efficacy in reducing upper limb complications and improving overall QoL in breast cancer survivors [3] . In particular, the findings of that study demonstrated that a well-planned and structured APA protocol, taking into account the individual characteristics of breast cancer survivors, can significantly improve upper limb symptoms and QoL. Indeed, after APA intervention, breast cancer survivors significantly improved the functional mobility of surgical upper limbs as testified by a better shoulder ROM and decreased pain. The overall benefits included not only physical aspects, but also a reduction in psychological distress as assessed by a Short Form-12 (SF-12) questionnaire [3] .
In the present study, we further investigated the possible long-term benefits of our specific APA intervention on upper limb motor function and QoL in breast cancer survivors in comparison with either physically inactive survivors or survivors practicing general physical activity after ending the specific APA protocol.
Materials and Methods

Study Participants
Fifteen out of 46 breast cancer survivors, in a stable clinical condition and regularly followed up at the Cancer Rehabilitation Center (Ce.Ri.On) in Florence, Italy, who completed an eight-week APA protocol at the same Center [3] were enrolled in this longitudinal study. Details on the eligibility criteria and participant recruitment have been previously described [3] . The participants were assessed at follow up (two years after the APA intervention) to investigate whether the APA benefits were still evident. Specifically, the study participants were divided into three groups according to the practice of physical activity after ending the eight-week APA protocol: (1) five women who continued to follow the APA protocol over time for one hour/day twice a week; (2) five women who practiced general physical activity for one hour/day twice a week (i.e., water gym, postural gym, swimming and yoga); and (3) five women who were physically inactive (i.e., not practicing any sport or physical activity in their leisure time). The local ethics committee approved the study and all women gave their written consent to participate in the study.
Study Procedures
Details on the exercise methodology of our specific APA protocol tailored to individual needs have been previously described [3] . Briefly, the eight-week APA protocol consisted of one-hour sessions performed during two nonconsecutive days per week. Participants only performed the APA intervention under the supervision of an exercise specialist. All sessions started with a 10-min warm-up of general exercises and ended with a 10-min cool-down of stretching exercises and muscle relaxation. The central specific phase included a structured exercise protocol to improve upper limb mobility, planned by an adapted exercise specialist and tailored to the specific needs of each subject on the basis of the results of the initial assessment. During some exercises, a theraband or stick was used to maintain the alignment and facilitate the coordination of the upper limbs. Moreover, mirrors were also used to increase the visual perception of the body during exercise performance. The APA protocol was organized into three phases. In the first phase (from the first to the fifth session), breathing exercises and exercises to mobilize the pelvis and stretching were proposed, including specific exercises to improve upper limb mobility. Each exercise was done for 30 s followed by a 15 s break and was repeated for a total of three series. In the second phase (from the 6th to the 12th session), the upper limb mobility exercises of the first phase were replicated, increasing three-fold the working time. Postural exercises were also proposed according to the Active Posture Reeducation. Finally, the last phase (from the 13th to the 16th session) consisted of a circuit training workout including alternated low-intensity and higher workload exercises with an increasing working time up to two minutes. Postural exercises were also replicated [3] .
At the baseline evaluation, clinical characteristics of patients (i.e., surgical treatment, adjuvant therapy, and lymphedema degree) were collected. Moreover, anthropometric parameters, such as height and weight, were measured using standard protocols and were used to calculate the body mass index (BMI, kg/m 2 ). All subjects, evaluated either at the baseline or after the eight-week APA intervention, underwent a battery of fitness tests to assess the mobility of upper limb joints (active ROM test and Muscle Length test) and the flexibility of the spine (sit and reach test) [3, 8] . In particular, an active ROM test was evaluated with the subject standing by goniometry taking into account the extension (range 0 • -45 • ), flexion (range 0 • -180 • ), abduction (range 0 • -180 • ), and external rotation (range 0 • -90 • ). In addition, shoulder mobility was assessed with the Muscle Length test executed with the subject in a supine position by elevating the arm and measuring the distance (cm) from the lateral epicondyle to the surface (a smaller distance from the surface corresponding to a better mobility function). Moreover, all participants filled out the SF-12 [9] and the numerical rating scale (NRS) [10] questionnaires to assess their QoL and to quantify the shoulder and back pain intensity, respectively. Finally, two years after the end of the eight-week APA intervention, the participants were again evaluated as described above.
Statistical Analysis
All data are expressed as the mean ± standard error of the mean (SEM) or mean ± standard deviation (SD). For each group, a paired t-test was used to compare the baseline versus either the post-APA or follow up scores of fitness, pain, and QoL. The statistical significance of differences in the mean scores of fitness, pain, and QoL between groups at follow up was tested through an unpaired t-test. In order to take into account the longitudinal structure of the data, generalized estimating equation (GEE) models have been fitted both for the evaluation of the differences between groups over time and for the time component estimation. A p-value < 0.05 was considered statistically significant. SPSS Statistics version 24 and STATA 12.1 were used for the analyses.
Results
Fifteen women, aged 47-80 years, were enrolled in this longitudinal study. Baseline characteristics of the study participants are summarized in Table 1 . Of note, according to their BMI value, six and two out of the 15 subjects were classified as overweight or obese, respectively. Abbreviations: BMI, body mass index; SD, standard deviation.
Data concerning the fitness evaluation of all study participants and their self-reported questionnaires (NRS and SF-12) at the baseline, post-APA intervention, and follow up (two years post-APA) are reported in Table 2 . Using a GEE model fitted for the time component estimation, a statistically significant improvement over time was observed for some of the assessed variables, namely the flexion, abduction, and mobility of the surgical shoulder, as well as the perception of surgical shoulder pain (Table 2) . Table 2 . Mean scores of fitness tests, pain intensity, and quality of life questionnaires at the baseline, after the APA intervention and at follow up (two years after the APA intervention) in all study participants (n = 15). The results of the fitness evaluation and self-reported questionnaires (NRS and SF-12) at baseline, post-APA intervention, and follow up (two years post-APA) for each of the three study groups are shown in Table 3 . In women who continued to practice APA over time, the positive effects obtained with the eight-week APA intervention were further improved at the two-year follow up (Table 3) . In particular, a significant improvement in surgical shoulder-arm mobility was observed (p = 0.024) (Table 3) . Conversely, in participants who after the eight-week APA protocol practiced general physical activity, baseline data collection versus post-APA and follow up indicated that the positive effects of the APA intervention were still partially evident (Table 3) . Indeed, the overall follow up outcomes showed intermediate average values between baseline and post-APA evaluation outcomes (Table 3) . However, a decrease in mobility of the surgical shoulder was present at the follow up (Table 3 ). In women who were physically inactive after two years from ending the eight-week APA protocol, follow up data revealed that the external rotation of the surgical shoulder was lost and that shoulder mobility and sit and reach were decreased (Table 3) . Table 3 . Mean scores of fitness tests at baseline, post-APA, and follow up (two years post-APA) for each of the three study groups.
Variables
APA Group
General 11.66 (6) Abbreviations: APA, adapted physical activity; PA, physical activity; SEM, standard error of the mean.
NRS questionnaire data on shoulder and back pain intensity at the baseline, post-APA intervention, and follow up for each of the three study groups are shown in Table 4 . As far as women who continued to follow the APA protocol over time are concerned, the changes in NRS scores revealed a significant decrease in shoulder and cervical pain at the two-year follow up with respect to the baseline (p = 0.044 and p = 0.030, respectively) ( Table 4) . Moreover, it is noteworthy that a trend toward an improvement in the perception of surgical shoulder pain at the follow up compared with the baseline was observed in participants who after the eight-week APA protocol practiced general physical activity (Table 4) . Finally, the perception of surgical shoulder and back pain improved, while that of cervical and dorsal pain worsened at the follow up versus the baseline in women who did not practice physical activity (Table 4) . Table 4 . Mean scores of pain intensity questionnaire at the baseline, post-APA, and follow up (two years post-APA) for each of the three study groups.
General As far as the assessment of QoL is concerned, physical and mental indexes displayed a trend toward improvement at the follow up with respect to the baseline in the group of women who continued to practice APA over time, while both indexes worsened in women who did not practice physical activity (Table 5) . Conversely, in participants who after the eight-week APA protocol practiced general physical activity, the mean physical score worsened at the follow up showing an intermediate value between baseline and post-APA evaluations, whereas the positive effects of the APA intervention on the SF-12 mental component were maintained over time (Table 5) . Table 5 . Mean scores of the quality of life questionnaire (SF-12) at the baseline, post-APA, and follow up (two years post-APA) for each of the three study groups.
General The whole data concerning fitness tests, pain intensity, and QoL were further evaluated using a GEE model adjusted for age and BMI and fitted both for the evaluation of the differences between groups over time and for the time component estimation (Table 6 ). There was a significant over time increase in surgical shoulder flexion and abduction with GEE coefficients of 8.12 and 15.00, respectively, as demonstrated by the confidence intervals. Moreover, surgical shoulder mobility and related pain decreased by 3.12 and 1.17 points, respectively ( Table 6 ). As far as the comparison between the three study groups is concerned, a statistical significance in the value of surgical shoulder external rotation with a GEE coefficient of 16.60 was found in the women who continued to follow the APA protocol over time with respect to those who did not practice physical activity (Table 6 ). Furthermore, the APA group seemed to have a reduced surgical shoulder extension of 1.14 points compared with the non-physical activity group. Because of this unexpected result, we studied the Time × Group interaction and found that it was not statistically significant (p = 0.255). Therefore, the aforementioned reduction in the extension of the surgical shoulder could be attributed to the GEE assumptions and should be interpreted carefully. Finally, significant results obtained by comparing the evaluation data at the two-year follow up between the three study groups are displayed in Figure 1 . In particular, significant differences were found for surgical shoulder external rotation and mobility. Indeed, in the APA group, the scores were significantly better than in the group practicing general physical activity and in the inactive (non-physical activity) group. In addition, SF-12 analysis revealed that physical and mental mean scores were higher in APA participants than in the general physical activity and non-physical activity groups.
Finally, significant results obtained by comparing the evaluation data at the two-year follow up between the three study groups are displayed in Figure 1 . In particular, significant differences were found for surgical shoulder external rotation and mobility. Indeed, in the APA group, the scores were significantly better than in the group practicing general physical activity and in the inactive (non-physical activity) group. In addition, SF-12 analysis revealed that physical and mental mean scores were higher in APA participants than in the general physical activity and non-physical activity groups. 
Discussion
In the present study, we investigated, for the first time, the possible long-term benefits of a specific APA intervention on upper limb functional performance and QoL in breast cancer survivors. In particular, we compared two-year follow up data from women who continued to practice APA over time with those from either women who practiced general physical activity or women who were instead inactive after ending the eight-week APA protocol.
First, our findings confirm that a structured APA protocol can improve the functioning of surgical upper limbs with decreased pain and better QoL in breast cancer survivors. Of note, our longitudinal assessment revealed a trend toward further improvement in all assessed parameters and QoL in the group of women who continued to follow the APA protocol over time. Conversely, women who after the eight-week APA protocol practiced general physical activity over time showed an overall decrease in benefits. In particular, in those women, the positive effects of APA intervention were still partially evident, though a worsening was found in surgical shoulder external rotation and mobility that are important in performing daily living activities [11] . It is noteworthy that the reduction in extra-rotation could be due to the patient tendency to take a protective postural attitude favoring internal shoulder rotation and reducing the use of the arm, finally resulting in muscle shortening and the loss of surgical upper limb mobility. According to these data, the SF-12 score for physical health decreased, reaching levels similar to those at the baseline. On the contrary, the SF-12 mental score was unchanged suggesting that a longer time from surgery may have a positive impact on psychological aspects of the QoL in breast cancer survivors. In fact, it is known that depression and anxiety are highest shortly after the diagnosis and then diminish over time [12] . Similarly, the trend toward improvement in the perception of surgical shoulder and back pain in our breast cancer survivors could be related to increased pain tolerance. Therefore, it should be considered that general 
First, our findings confirm that a structured APA protocol can improve the functioning of surgical upper limbs with decreased pain and better QoL in breast cancer survivors. Of note, our longitudinal assessment revealed a trend toward further improvement in all assessed parameters and QoL in the group of women who continued to follow the APA protocol over time. Conversely, women who after the eight-week APA protocol practiced general physical activity over time showed an overall decrease in benefits. In particular, in those women, the positive effects of APA intervention were still partially evident, though a worsening was found in surgical shoulder external rotation and mobility that are important in performing daily living activities [11] . It is noteworthy that the reduction in extra-rotation could be due to the patient tendency to take a protective postural attitude favoring internal shoulder rotation and reducing the use of the arm, finally resulting in muscle shortening and the loss of surgical upper limb mobility. According to these data, the SF-12 score for physical health decreased, reaching levels similar to those at the baseline. On the contrary, the SF-12 mental score was unchanged suggesting that a longer time from surgery may have a positive impact on psychological aspects of the QoL in breast cancer survivors. In fact, it is known that depression and anxiety are highest shortly after the diagnosis and then diminish over time [12] . Similarly, the trend toward improvement in the perception of surgical shoulder and back pain in our breast cancer survivors could be related to increased pain tolerance. Therefore, it should be considered that general physical activity is not targeted to the functional re-education of upper limb ROM, but general wellness. In addition, our data support and confirm that a sedentary lifestyle has a general negative impact on QoL in breast cancer survivors [13, 14] . In particular, shoulder mobility, sit and reach, and SF-12 scores all decreased in the inactive survivors at two years from the end of the APA intervention. Likewise, surgical shoulder flexion and abduction were worse and external rotation was compromised.
Collectively, our findings suggest that upper limb morbidity in breast cancer survivors can be improved with a specific APA program tailored to the individual patient's needs, and that the long-term adherence of subjects to APA is crucial for maintaining or improving the obtained benefits over time. Therefore, APA should be properly continued in breast cancer survivors. However, these findings should be interpreted in the context of the limitations of our study. Indeed, the present data are limited by the small sample size investigated. Therefore, further longitudinal investigations including higher numbers of participants will be necessary to confirm the interesting outcomes observed herein.
